The purpose of the study was to investigate the effects of a family-based self-management support intervention for adults with type 2 diabetes (T2DM).
Conclusions
Results support and extend prior research documenting the value of culturally relevant family-based interventions to improve diabetes self-management and substantiate the need for intensive, longer, tailored interventions to achieve glycemic control. D iabetes, an escalating global health threat, has more than doubled among adults over the past 3 decades. 1 Environmental/lifestyle factors are implicated for the increase in diabetes-related risk factors. 2 Of the approximately 29 million (9.3%) adults in the US with diabetes, type 2 diabetes (T2DM) accounts for 90% to 95% of adult cases. 3 Minorities, including 50 million Hispanics who represent 16% of the US population, are disproportionately affected by diabetes (12.8%) compared to non-Hispanic Caucasians (7.6%). 3 Hispanics experience higher rates of obesity, sedentary lifestyles, poorer eating habits and family histories of diabetes, 4 diabetesrelated death rates (51%), 5 and increased risk for diabetesrelated complications such as neuropathy, nephropathy, diabetic retinopathy, and cardiovascular disease than nonHispanics. 6 Among persons of Mexican origin, the largest Hispanic subgroup, 18.3% have diabetes. 7 The chronic and complex trajectory of T2DM requires daily engagement in self-management activities to achieve glycemic control and prevent future complications. 8 Inadequate metabolic control is evidenced nationally by only 36% to 69% of persons with diabetes achieving glycemic control. 9 Less than 40% (36.8%) of Hispanics with T2DM have controlled A1C. 10 Diabetes self-management education and support (DSME/S) builds knowledge, skills, and abilities for successful T2DM self-management; decreases A1C and weight and lowers health care costs.
8 DSME/S has demonstrated a reduction in A1C by 1% and a positive effect on other clinical indicators in persons with T2DM. DSME/S improves lifestyle. 11 Persons not receiving DSME/S have a 4-fold increase for developing major diabetes-related complications compared to individuals receiving DSME/S. 12 Despite DSME/S benefits, the majority of persons with diabetes who receive DSME/S is quite small. 11, 13 Barriers to accessing DSME/S are substantial: 56% of persons with diabetes mellitus nationally and 54.9% of Arizonans report never having attended a DSME/S class.
14 Diabetes self-management commonly occurs in a family environment. 15 Family values and a family-oriented worldview influence diabetes self-management, and in turn, diabetes control affects the health and well-being of the entire family. 16 Family support and social relationships are critical in improving diabetes self-management in Hispanics with T2DM. 17 While family social support in diabetes self-management has a positive impact on behavior changes, 17, 18 families have also been identified as a barrier to T2DM management and glycemic control. 19, 20 Therefore, engaging family members in DSME/S and promoting family support may be pivotal in facilitating lifestyle changes in Hispanics with T2DM. The focus of diabetes self-management in Hispanics needs to shift from traditional individual approaches to family-focused interventions.
Several studies have emphasized the significance of including both adults diagnosed with T2DM and their family members to improve diabetes outcomes. [20] [21] [22] Lifestyle modification programs including family support and tailored to Hispanic culture demonstrated improvement in patients' self-efficacy, perceived support, knowledge, and self-care. [23] [24] [25] However, these interventions focused primarily on individuals and did not fully integrate family members 26 and thus may not be sustainable in the family-centered Hispanic culture. Only 1 study conducted with Latinos reported family members' participation and outcomes. 21 Family members improved in diabetes knowledge and physical health-related quality of life. The paucity of familybased interventions with Hispanics with T2DM and heterogeneity across study designs and interventions contribute to a gap in our understanding of the effect of family participation on diabetes outcomes.
The effect of a family-based self-management support intervention on behavioral and biological outcomes was investigated. Adults with T2DM and a family member were involved in all aspects of the intervention. It was hypothesized that Mexican American adults with T2DM in the 12-week family-based diabetes intervention group would show greater improvements than the wait list control group immediately after the intervention period and 6 months after the intervention in: (1) behavioral outcomes of diabetes self-management, diabetes self-efficacy, diabetes-related distress, nutrition, and physical activity and (2) the biological outcome of glycemic control (A1C).
Research Design and Methods
In a 2-group, experimental repeated measures design, the effectiveness of a culturally tailored family-based T2DM self-management social support intervention previously refined by a Family Action Board (FAB) 20 was tested. Participants were randomly assigned to either the intervention or wait list control group. A total of 157 dyads (participant with T2DM and their family member) participated (83 intervention dyads, 74 control dyads). Culturally responsive recruitment methods 27 that were successful in our previous studies were used. Potential participants were recruited by bilingual/bicultural promotoras. In addition, the FAB helped to identify, reach out, and motivate potential participants to participate. Inclusion criteria were Mexican Americans diagnosed with T2DM for at least 1 year, between 35 and 74 years, of Mexican origin, spoke and read Spanish or English, A1C of 8.0% (64 mmol/mol) or greater, had not participated in a diabetes education program in the prior year, able to walk at least 1 mile (determined by self-report), access to and ability to talk on telephone, and had 1 adult family member willing to participate. Participants were excluded if they were pregnant, had a disability, or had an advanced or terminal condition. The participant with T2DM identified a family member who was 18 years or older, spoke and read Spanish or English, either lived in same house as participant with T2DM or saw them weekly to share meals or visit or shopping, and were willing to participate. Figure 1 outlines recruitment, enrollment, intervention, and followup. Both the adult with T2DM and family members received grocery certificates for $25, $30, and $40 after each data collection, respectively.
The study was approved by the Institutional Review Board of the participating institution. All participants provided signed informed consent for A1C screening (person with T2DM only) and study participation. All consent documents were available in English and Spanish.
Intervention Group
The family-based intervention was conducted in Hispanic urban neighborhoods in the Arizona border region. The 12-week intervention program included 3 successive components: (1) six 2-hour educational and social support group sessions conducted weekly for 6 weeks, (2) three 2-hour home visits scheduled weekly for 3 weeks, and (3) three 20-minute telephone calls scheduled weekly for 3 weeks.
The intervention was consecutively delivered to 12 cohorts with 5 to 12 dyads (10-24 people) in each intervention cohort. The educational and support sessions included information about managing diabetes to improve glycemic control and prevent complications through food consumed, physical activity, and stress management. A nurse who is a certified diabetes educator (CDE) conducted the educational sessions, and a promotora conducted the social support sessions, home visits, and telephone calls. The home visits built on and tailor knowledge and skills acquired in the group sessions tailored to the family context. Goals established in the group sessions using the SMART (Specific, Measurable, Attainable, Relevant, and Time-bound) goal approach were evaluated and redefined if needed in each home visit. The promotora made telephone calls to follow up on the participants' progress and/or barriers in meeting their SMART goals for healthy eating, physical activity, and managing diabetesrelated distress. All intervention sessions were audiotaped.
Wait List Control Group
After the final data collection, a nurse educator conducted the wait list control group program. Two-hour educational sessions were provided weekly for 3 weeks. Session topics were the same as those delivered to the intervention group.
Measures
All instruments were available in English and Spanish. With exception of A1C, all data were collected from the participant with T2DM and the family member at baseline, 3 months (post intervention), and 9 months (6 months post intervention).
Descriptive Measures
The Acculturation Rating Scale for Mexican Americans (ARMSA-II), a 30-item Likert-type scale, was administered at baseline. The scale includes 2 subscales, Mexican Orientation (MOS, 17 items) and Anglo orientation (AOS, 13 items). Mean scores were computed for each subscale. The MOS mean score is subtracted from the AOS mean score to obtain a linear acceleration score, which results in acculturation level (5 levels). 28 Cronbach's alpha was .93 for the AOS and .87 for the MOS.
The Diabetes Knowledge Questionnaire (DKQ), a 24-item questionnaire, measured knowledge of diet, exercise, blood sugar, foot care, and complications. Response options (yes, no, I don't know) were scored as correct or not correct 29 and summed for a total score, with higher scores indicating greater knowledge. Cronbach's alpha was .72.
Diabetes health literacy was measured with the Newest Vital Sign, a 6-item instrument. 30 Questions ask about information on a nutrition label. Items are scored as correct or incorrect, with higher scores indicating greater health literacy. Cronbach's alpha was .68.
Height and weight were measured with the Seca 215 height rod and a balanced scale after the participant removed his or her shoes and any hats or scarves. Recorded height and weight were used to calculate the BMI from tables available on the National Heart, Lung, & Blood Institute (NHLBI) website. 31 Waist and hip measurements were obtained in a private location with the tape measure snugly around but not compressing the skin at the waist (midpoint between the inferior margin of the last rib and the crest of the ileum) and hip (the widest part of the buttocks) with participant relaxed and after exhalation. The measurement was repeated and recorded to the nearest 0.1 inch. The Waist-Hip Ratio was calculated as the waist measurement divided by the hip measurement.
Behavioral Outcomes
The 14-item Diabetes Self-Care Activities Questionnaire asked the frequency (past 7 days) participants engaged in diet, exercise, blood sugar testing, foot care, and taking prescribed diabetes medication. A mean score was calculated, with higher scores indicating greater self-management activities performed. 24 Subscale Cronbach's alpha coefficients ranged from .69 to .94 and was .80 for the total scale.
The Self-Efficacy for Diabetes Scale 32 measures how confident participants feel in managing their diet, exercise, blood sugar, and illnesses specific to diabetes. Item responses range from 1 (not at all confident) to 5 (totally confident), with the descriptors anchoring the beginning (1) and end of the scale (5). The 8-item scale contains 2 subscales: Diabetes Self-efficacy for Health Behaviors (5 items) and Diabetes Self-efficacy for General Health (3 items). A mean score was computed for each subscale and the total scale, with higher scores representing greater selfefficacy. Subscale Cronbach's alpha coefficients were .78 and .74, respectively, and was .81 for the total scale.
The Diabetes Distress Scale, a 17-item questionnaire, contains 4 subscales assessing emotional burden, physician distress, regimen distress, and interpersonal distress. Response options are no problem, sometimes a problem, and serious problem. Scores were calculated for subscales and the total scale, with higher scores representing greater diabetes distress. 33 Subscale Cronbach's alpha coefficients ranged from .79 to .91 and .91 for total scale.
Healthy eating was measured with the Fat, Fruit, and Vegetable questionnaire (23 items) that assessed frequency of consuming specific foods. Sixteen items measure frequency of consumption of foods containing fats (once a month or less to 5 or more times per week). Seven items measure frequency of fruit and vegetable consumption (less that once per week to 2 or more times a day). 34 Cronbach's alpha was .80 for fat, .51 for fruit, and .73 for vegetable.
Physical activity was measured with the International Physical Activity Questionnaire (IPAQ). Seven items assess the number of days and hours/minutes per day participants engaged in vigorous physical activity, moderate physical activity, walking, and sedentary (sitting) activities in the prior 7 days. Vigorous physical activity, moderate physical activity, and walking were used to compute metabolic equivalent task (MET) minutes per week. 35 
Biologic Outcome
Participants' A1C was obtained by finger stick and measured using the DCA machine (DCA 2000). The test is considered valid and reliable. 36 
Power Analysis
Based on descriptive statistics from preliminary studies, effect size estimates for the interaction effects in the 2 × 3 ANOVAs were made. Given these effect sizes (f), an alpha level of .05, and a sample size of 156 (78 per group), power would be .99 for mean diabetes self-care activities (f = .45), .89 for exercise self-care activities (f = .28), .66 for diet self-care activities (f = .21), .80 for diabetes knowledge (f = .25), .78 for interpersonal distress (f = .24), and .93 for total diabetes distress (f = .30). For A1C, power would be .86 to detect a 1.0 difference (f = .27).
Data Analysis Plan
SPSS version 23.0 was used. Descriptive statistics described the sample. Chi-square and t tests were performed to assess baseline group differences. A series of 2 × 3 repeated measures ANOVAs with interaction contrasts were used to test the hypotheses. The between-subjects factor was group with 2 levels (intervention and wait list control), and the within-subjects factor (repeated measure) was time with 3 levels (baseline, time 2 [T2], and time 3 [T3]). However, it was the interaction contrasts that assessed the immediate and sustained effects. The immediate effectiveness of the intervention was indicated by a significant interaction contrast assessing differential change between the intervention and wait list control groups from baseline to immediate postintervention (T2). The sustainability of the intervention was evaluated with the interaction contrast assessing differential change between the intervention and wait list control groups from T2 through T3.
Results
Participants with T2DM ranged in age from 35 to 75 (mean = 53.53, SD = 9.0). The majority were female (65%), married (71%), had less than a high school education (68%), and had an annual income of $20 000 or less (65%). They had T2DM for 11.52 years (SD = 7.8, range, 1-40 years). They had lived in the U.S for 28.18 years (SD = 16.2, range, 0.16-69). They tended to be overweight or obese (93.6%), with an average BMI of 33.31 (SD = 6.9, range, 18.6-56.3). Waist circumference ranged from 29 to 61 (mean = 42.00, SD = 6.3). The majority were taking medications for diabetes (93%), with 45% taking oral medications for diabetes. Almost two-thirds (65%) reported a very Mexican orientation, and health literacy scores indicated very limited health literacy. There were no differences between the groups on any of the demographic characteristics.
Family members ranged in age from 18 to 88 years (mean = 47.27, SD = 16.1). The majority were female (72.6%), married (64.3%), had less than a high school education (53%), and had an annual income of $20 000 or less (59%). They had lived in the US for 28.01 years (SD = 16.5, range, 3-87). They tended to be overweight or obese (80.3%), with an average BMI of 33.40 (SD = 7.4, range, 21.0-66.6). Waist circumference ranged from 29 to 64 (mean = 40.92, SD = 6.3). They had limited health literacy, and half (50%) reported a very Mexican orientation. Demographic characteristics for participants and family members are presented in Table 1 .
Hypothesis 1
Participants with T2DM had significant changes over time (group by time interaction) in diet self-management, F(2, 188) = 7.37, P = .001; exercise self-management, F(2, 188) = 3.77, P = .025; total self-management, F(2, 188) = 6.88, P = .001; diabetes self-efficacy for health behaviors, F(1.8, 168.6) = 4.50, P = .015; diabetes selfefficacy for general health, F(2, 190 = 3.55), P = .031; total diabetes self-efficacy, F(1.8, 173.7) = 4.98, P = .010; physician distress, F(2, 190) = 3.42, P = .035; regimen distress, F(2, 190) = 9.75, P < .001; interpersonal distress, F(1.9, 177.0) = 4.12, P = .020; and total diabetes distress, F(1.8, 172.7) = 9.07, P < .001. Participant changes over time are presented in Table 2 .
For diet self-management, a significant difference was noted between the 2 groups at baseline, t(155) = 2.04, P = .043, with diet self-management activities greater for the control group. From baseline to T2, diet self-management activities increased for both groups, with the increase greater for the intervention group. From T2 to T3, a slight decrease was reported for the intervention group while there was little change for the control group. The intervention effect was sustained for 6 months.
An increase in exercise self-management activities was reported from baseline to T2 for both groups, with the increase greater for the intervention group. From T2 to T3, the intervention group decreased in exercise selfmanagement activities while the control group continued to increase such that at T3, the control group scored higher than the intervention group. The intervention effect was not sustained for 6 months.
For total diabetes self-management, the intervention group increased from baseline to T2 while there was little change for the control group. From T2 to T3, there was an increase for both groups, with a slight increase for the intervention group. The intervention effect was sustained for 6 months.
Diabetes Self-efficacy for health behaviors increased for the intervention group and decreased for the control group between baseline and T2. The control group increased in diabetes self-efficacy for health behaviors from T2 to T3 while the intervention group decreased. The intervention effect was not sustained for 6 months post intervention.
There was an increase in diabetes self-efficacy for general health for both groups from baseline to T2 with the increase greater for the intervention group. Both groups increased from T2 to T3. The intervention effect was sustained for 6 months post intervention.
Total diabetes self-efficacy increased for both groups with the increase greater for the intervention group from baseline to T2. From T2 to T3, there was a slight decrease in total diabetes self-efficacy for the intervention group and an increase for the control group. The intervention effect was sustained for 6 months post intervention.
From baseline to T2, physician distress decreased for the intervention group while there was a slight increase for the control group. From T2 to T3, there was a decrease in physician distress for the control group and a slight increase for the intervention group. The intervention effect was sustained for 6 months.
For regimen distress, there was a significant difference between the two groups at baseline t(155) = 2.17, P = .032, with regimen distress greater for the intervention group. From baseline to T2, there was a decrease in regimen distress for the intervention group whereas the control group increased slightly. From T2 to T3, the intervention group increased slightly while the control group decreased slightly. The intervention effect was sustained for 6 months. Table 1 (continued) Table 2 Participant Changes in Behavioral and Biological Outcomes Across Time (continued)
Interpersonal distress decreased for both groups with the decrease greater for the intervention group from baseline to T2. From T2 to T3, interpersonal distress decreased for the control group but slightly increased for the intervention group. The intervention effect was sustained for 6 months.
A significant difference in total diabetes distress was observed between the 2 groups at baseline, t(155) = 2.07, P = .040, with total diabetes distress greater for the intervention group. There was a decrease in total diabetes distress for both groups from baseline to T2 with the decrease greater for the intervention group. The control group continued to decrease in total distress from T2 to T3 while the intervention group increased in total distress. The intervention effect was not sustained for 6 months.
Hypothesis 2
Participants' A1C did not significantly change over time (group by time interaction). For both groups, A1C decreased slightly from baseline to T2, with the decrease greater for the intervention group. The control group continued to decrease from T2 to T3 while the intervention group increased slightly.
Discussion
Study findings indicated that the diabetes self-management support intervention increased diabetes self-management for heathy eating and physical activity and decreased physician distress, regimen distress, interpersonal distress and total diabetes distress. stress. Results are consistent with prior research that has documented that DSME/Ss are effective in improving self-care activities to manage one's diabetes regimen. 8, 12 While diabetes self-management for medications was not significant, participants scored high on this subscale, supporting prior research and reinforcing that medication adherence is easier than changing lifestyle behaviors. Prior research has also reported that improvements in diabetes self-management behaviors results in improved clinical outcomes, including a lower A1C. 8 Although the differential change in A1C was not significant, a decrease from 9.99% (86 mmol/mol) to 8.93% (74 mmol/mol) was found immediately following the intervention, which is a clinically significant decrease associated with decreased mortality, myocardial infarction, and microvascular complications. 37 A recent Cochrane review of 33 culturally appropriate health education interventions for T2DM in ethnic minorities that averaged about 8 months in length found improvements in glycemic control at 3, 6, and 12 months following the intervention. 38 The greatest improvements were in the short term and with interventions lasting longer than 3 months.
Although diet and physical activity self-management significantly increased, no significant improvements in healthy eating or physical activity were reported. This finding has also been reported in low-income adults with T2DM. 39 Participants were low income, had limited education, and had low dietary intake of fruits and vegetables as in our study. Dietary changes have consistently been reported to be the most difficult, especially in lowincome persons with diabetes, as factors such as culture, lifelong habits, and family and socioeconomic resources influence dietary intake. A meta-analysis describing biobehavioral determinants of glycemic control 40 found that dietary adherence was a significant predictor of glycemic control, with self-efficacy being the most consistent predictor of dietary adherence. Participants in the study reported numerous barriers to regular physical activity, including family responsibilities, irregular working hours, lack of areas in neighborhoods to walk, as well as lack of exercise facilities. These barriers have been reported in other research with T2DM. 41 Diabetes distress, the emotional burden experienced by adults with T2DM, has been shown to influence glycemic control (A1C). 42 Physician, regimen, and interpersonal distress significantly decreased following the intervention and were sustained for 6 months. Interesting, although both physician and interpersonal distress decreased, baseline levels were below 2.5. However, regimen distress was high at baseline, indicating that participants worried about managing their illness regimen and preventing complications. Interventions have consistently been shown to be effective in reducing diabetes distress. 43 In the REDEEM Trial, 44 the intervention was effective in reducing distress and increasing diabetes self-management skills, but the A1C was not reduced, indicating additional intervention strategies are necessary.
Participants' diabetes self-efficacy for supporting healthy behaviors, general health, and total diabetes selfefficacy increased following the intervention. Participants increased confidence in general diabetes health behaviors, and this was sustained over time. Scale means indicated that levels of diabetes self-efficacy were moderate at baseline (3.58-3.71 on a 5-point scale), with the highest level of confidence for supporting diabetes management health behaviors. This finding raises the question of the level of confidence needed to influence diabetes selfmanagement and adherence as significant changes in dietary and physical activity behaviors were not found, although our participants reported moderate to high level of confidence to manage their diabetes. A recent metaanalysis 40 found that self-efficacy was the most consistent predictor of adherence behaviors. This finding is consistent with prior reviews of self-efficacy. While inclusion of this concept is essential in future research, further exploration of levels that predict successful management and adherence as well as additional factors that predict adherence are needed. Inclusion of this concept is critical in future research as interventions need to be designed that empower family members to have the confidence needed to support their family member with diabetes. In addition, since self-efficacy is a consistent predictor of dietary selfmanagement, interventions that target both individual and family efficacy should be tested.
In conclusion, findings from our randomized intervention trial support and extend research using culturally appropriate diabetes self-management and support interventions for Mexican Americans. Longer interventions with intensive sessions tailored to specific needs and booster sessions are necessary to achieve and maintain glycemic control. Although such interventions are complex, time-intensive, and costly, they are necessary to improve diabetes self-management and decrease complications. Also, our low-income sample had limited education and acculturation, poor health literacy, few economic and community resources, and experienced ongoing family and financial crises. New strategies are needed to address these multiple challenges in diabetes self-management, including greater community participation.
Implications
Application of these findings to DSME/S for adults of Mexican origin has implications for the health care provider, other members of the health care team including the CDE, and the health care organization. 13 To affect longterm positive outcomes, the health care team and CDE must actively and consistently collaborate with the family member(s) during clinical encounters. The health care organizational structure must demonstrate a commitment to quality, culturally tailored, family-based DSME/S as an integral component of diabetes care. Integration of community stakeholders such as promotoras who represent the local community and are knowledgeable of the cultural norms that influence diabetes self-management and T2DM self-management in the family context are vital to an effective program.
